Abstract: Solid state compounds of 4-methylbenzylidenepyruvate with Al(III), Ga(III), In(III) and Sc(III) have been synthesized. Complexometry, X-ray powder diffractometry, infrared spectroscopy and simultaneous thermogravimetry-differential thermal analysis (TG-DTA) have been used to characterize and to study the thermal behavior of these compounds. The results provided information concerning the stoichiometry, crystallinity, thermal stability and thermal decomposition of these compounds.
Introduction
Several metal-ion complexes of phenyl substituted derivatives of benzylidenepyruvate, C 6 H 5 -CH=CH-COCOO -(BP), have been investigated in aqueous solutions [1] [2] [3] [4] [5] and in the solid state [6] [7] [8] [9] [10] [11] [12] [13] . In aqueous solutions these works reported the thermodynamic stability (â 1 ) and spectroscopic parameters (å 1max , ë 1max ), associated with 1:1 complex species, as well as analytical applications of sodium 4-dimethylamino-BP for the gravimetric determination of Cu(II), and as an indicator in the complexometric titration of Th(IV) an Al(III), with EDTA. In the solid state, the works reported the synthesis and investigation of the compounds by means of thermogravimetry, derivative thermogravimetry (TG, DTG), differential thermal analysis (DTA), differential scanning calorimetry (DSC), X-ray powder diffractometry, and other methods of analysis. Establishment of stoichiometry and the details of the thermal decomposition were the main purposes of these studies.
In this paper, the object of the present research was to prepare solid state compounds of the Al(III), Ga(III), In(III) and Sc(III) with 4-methylbenzilidenepyruvate and to investigate by means of complexometry, X-ray powder diffractometry, infrared spectroscopy and simultaneous thermogravimetry-differential thermal analysis (TG-DTA). The results allowed us to acquire information concerning these compounds in the solid state, including their thermal stability and thermal decomposition.
Experimental
The sodium salt of 4-methylbenzylidenepyruvic acid was prepared following the same procedure described in the literature [14] . Aqueous solutions of 0.1M Na-4-Me-BP were prepared by direct weighing of the salt.
Gallium and scandium chloride were prepared from gallium metallic and scandium oxide, respectively, by treatment with concentrated hydrochloric acid. The resulting solutions were evaporated to near dryness, the residues dissolved in distilled water, and the solutions again evaporated to near dryness to eliminate the excess of hydrochloric acid. The residues were redissolved in distilled water, transferred to a volumetric flask and diluted in order to obtain ca. 0.1 M solutions. The aqueous solutions of indium and aluminium nitrate were obtained by direct weighing of the respective salts and dissolution in distilled water. The pH of solutions of aluminium, gallium, indium and scandium were adjusted to 2.0; 3.0; 3.0 and 4.0, respectively, by adding diluted sodium hydroxide or hydrochloric acid solutions, and thus prevent the formation of hydroxocomplexes. The pH of ligand solution was adjusted to 4.0.
The solid state compounds were prepared by adding slowly, with continuous stirring, solution of ligand to the respective metallic ion solution, until total precipitation of the metal ions. The precipitates were washed with distilled water until elimination of the interferent ions, filtered through and dried on Whatman no. 42 filter paper, and kept in a desiccator over anhydrous calcium chloride, under reduced pressure.
In the solid state compounds, hydration water, ligand and metal ion contents were determined from the TG curves. The metal ions were also determined by complexometric titrations with standard EDTA solution, using xylenol orange for gallium, indium and scandium [15] and eriochrome black T, for aluminium as indicator [16] .
X-ray powder patterns were obtained by using a Siemens D-500 X-ray diffractometer, employing Cu Ká radiation (ë= 1,541ú) and settings of 40 KV and 20 mA. Infrared spectra for 4-Me-BP compounds, as well as sodium salt, were run on a Nicolet mod. Impact 400 FT-IR instrument, within the 4000-400 cm -1 range. The solid samples were pressed into KBr pellets.
Simultaneous TG-DTA curves were recorded on a model SDT 2960 thermal analysis system from TA Instruments. The purge gas was an air flow of 100 mL min -1 . A heating rate of 20 o C min -1 was adopted, with samples weighing about 7-8 mg (except of scandium and aluminium, with sample weighing about 4 mg). Alumina crucibles were used for recording the TG-DTA curves.
Results and discussion
The analytical results of the synthesized compounds are shown in Table 1 . These results permitted to establish the stoichiometry of the compounds, which is in agreement with the general formula M(4-Me-BP) 3 .nH 2 O, where M represents Al(III), Ga(III), In(III) or Sc(III), 4-Me-BP is 4-methylbenzylidenepyruvate and n is 2, 2, 2 and 3, respectively.
The X-ray powder patterns showed that all the compounds were obtained in amorphous state. The amorphous state is related to the low solubility of these compounds.
Infrared spectroscopy data on 4-methylbenzylidenepyruvate and its compounds are shown in Table 2 . In 4-Me-BP (sodium salt), strong band at 1635 cm -1 and a medium intensity band located at 1408 cm -1 are attributed to the antisymmetrical and symmetrical frequencies of the carboxylate groups, respectively [17, 18] . The band centered at 1670 cm -1 is typical of a conjugated ketonic carbonyl group [17, 19] . In the scandium compound the anti-symmetrical stretching carboxylate frequency, as well as that assigned to the ketonic carbonyl, namely 1587 and 1645 cm -1 , respectively, are shifted to lower values relative to the corresponding frequencies in 4-Me-BP itself (sodium salt). This behavior indicates that both groups act as coordination centers in the scandium compound [19] . Fig. 1-4 . These curves exhibit mass losses in three consecutive and/or overlapping steps, and thermal events corresponding to these losses. These curves also show that the first mass loss for all the compounds occurs within the same temperature range (40-130 o C); the second mass loss also begins at the same temperature (130 o C), showing that the thermal behavior up to this step is not dependent on the nature of the metal ion. However, the features shown by the last step of thermal decomposition as well as the mass lost in each step are characteristic of each compound, and no depend on the metal ion present.
For all the compounds, the first mass loss associated to endothermic peak is ascribed to the dehydration, which occurs in a single step and through a slow process. This behavior was also observed during the dehydration of lanthanides and yttrium compounds with other phenyl-substituted derivatives of benzylidenepyruvate, and it seems to be characteristic of compounds obtained in amorphous state [6, 7, 12] . 
Conclusions
From the TG curves and complexometry data, a general formula could be established for these compounds in the solid state. The X-ray powder patterns showed that all the compounds were obtained in amorphous state.
The infrared spectroscopic data suggest that 4-Me-BP acts as a bidentate ligand only for the scandium ion and as a monodentate ligand for aluminium, gallium and indium ions.
The TG-DTA curves provided previously unreported information about the thermal stability and thermal decomposition of these compounds.
